Aims. To devise a scoring system for clinical variables related to positive findings at relaparotomy in secondary peritonitis. Methods.
Introduction
Secondary peritonitis, the most common form of peritonitis, can occur due to spontaneous perforation of the gastrointestinal tract, intestinal ischemia, or following an operation [1] .
Current therapy for severe peritonitis is founded on several principles, which include early administration of antibiotics, effective surgical control of infection, and supportive care to maintain organ function and limit the development of multiple organ failure. Despite advances in antimicrobial therapy, surgical techniques, and intensive care, the mortality of patients with severe intra-abdominal infection remains between 12 and 79%.
It is related with long hospital stays, and high morbidity due to the development of sepsis with multiple organ failure [1] [2] [3] [4] [5] . The morbidity is associated with severe complications (abscess, fistulas, bleeding, wound infection, dehiscence, ventral hernias) [6, 7] . Therefore, secondary peritonitis demands an optimal choice of treatment.
Surgical treatment of secondary peritonitis is usually threefold, consisting of a laparotomy to eliminate the source of infection, peroperative peritoneal lavage to reduce bacterial load, and the prevention of persistent or recurrent infection. After the initial (emergency) laparotomy, relaparotomy may be necessary to eliminate persistent peritonitis or a new infectious focus. There are 2 widely used relaparotomy strategies: relaparotomy when the patient's condition demands it ("on-demand") and planned relaparotomy. Both strategies have advantages and disadvantages. We analysed planned relapatomies, because only planned relaparotomies are performed in VUL "Santariskiu klinikos". The planned strategy may lead to an early detection of a persistent peritonitis or a new infectious focus but harbours the high risk of unnecessary reexplorations as no surgical pathology can be found.
Therefore, our aim of this study is to provide a qualitative ranking and devise a scoring system of clinical variables related to positive fi ndings at relaparotomy for patients with secondary peritonitis.
Materials and methods
We have retrospectively studied 195 cases of patients with secondary peritonitis who had undergone relaparotomy from 2005 to 2009 at Vilnius University Hospital Santariskiu Klinikos.
Patients' medical records were reviewed for age, sex, leukocyte count, CRP (C reactive protein), localization of the infectious focus, time of symptoms to index operation, Mannheim Peritonitis Index (MPI).
Secondary peritonitis was defi ned as an intraabdominal sepsis caused by perforation, infection, ischemia or necrosis of part of the digestive tract or visceral organ, or peritonitis due to a postoperative complication. Acute abdomen was the initial diagnosis for all of the operated patients; preoperative computed tomography and conventional radiography were performed as needed. Relaparotomy was defi ned as an intraabdominal reoperation following and related to the initial (index) operation for secondary peritonitis. Mannheim Peritonitis Index (MPI) is a scoring system with prognostic value usually applied to patients with peritonitis. The MPI takes into account age, gender, organ failure, cancer, duration of peritonitis, involvement of colon, and extent of spread and character of the peritoneal fl uid. Patients with a score exceeding 26 are defi ned as having a high mortality rate.
Statistical methods and experimental procedures
According to the operation`s fi ndings, the patients were divided into two groups: 'relaparatomy unnecessary' group A and 'relaparotomy necessary' group B. 'Relaparotomy unnecessary' group A -patients with negative fi ndings at relaparotomy (no source of infection focus or persistent peritonitis is found). 'Relaparotomy necessary' group B -positive fi ndings (persistent peritonitis or a new infectious focus reported by the operating surgeon during relaparotomy). 6 factors (age, sex, leukocyte count, CRP (C reactive protein), time of symptoms to index operation, Mannheim Peritonitis Index (MPI)) were evaluated in respect to their signifi cance in decision making for relaparotomy. The statistical signifi cance of the difference between A and B group was analyzed using Student's t-test for continuous variables and the chi-squared test for nominal variables. Logistic multiple regression was then performed using all factors found signifi cant on this univariate analysis. Each factor was assigned a score based on its value to predict the necessity of the relaparotomy. The parameter with the largest simple correlation coeffi cient was then selected as the predictor for the fi rst entry into the equation, followed by the selection of the other predictors from remaining parameters according to the stepwise regression. Values of p<0.05 were considered statistically signifi cant.
Results
From January 2005 to December 2009, a total of 8500 patients had undergone abdominal surgery in Vilnius University Hospital Santariskiu Klinikos. In 195 (2,3%) cases it was a planned relaparotomy for secondary peritonitis. The most common cause of secondary peritonitis was gastroduodenal pathology: 98 patients (50,3%); usually it was perforated gastric or duodenal ulcer, stress ulcers, malignancy, and colon pathology: 29 patients (14,9%) (perforated colon malignancy, ischemia or necrosis of part of the digestive tract or visceral organ, anastomosis insuffi ciency after bowel resection). The index operations usually were primary gastric, duodenal ulcers repair, segmental resection with primary anastomosis or segmental bowel resection with end colostomy, drainage, and peritoneal lavage. (Figure 1) .
Relaparotomy was unnecessary (Group A) for 154 (79,0%) patients and for 41 (21,0%) it was necessary (Group B) according to a positive findings such as persistent peritonitis or a new infectious focus reported by the operating surgeon during the relaparotomy.
The patients' mean age was 54,0 ± 20,6 years in group A and 63,0 ± 15,0 years in group B (p=0,002). The mean CRP level was 133,2 ± 113,8 mg/L in group A, compared with 182,8 ± 137,1 mg/L in group B (p=0,025). The mean time of symptoms to index operation was 38,1 ± 56,7 hours in group A and 67,1 ± 70,9 hours in group B (p=0,006). The mean MPI value was 22,4 ± 6,9 in group A, compared with 29,4 ± 6,7 in group B (p<0,0001). 17 patients (11,0%) died in group A, 18 patients (43,9%) -in group B (p<0,001) at a mean age of 66,1 ± 10,5 years. The most common cause of death was sepsis with multiple organ failure, advanced chronic comorbid conditions. The groups did not establish a significant difference between patients' sex or leukocyte count (Table 1) .
According to the abovementioned predictors` (patients age, time of symptoms to index operation, MPI, CRP level) multivariable logistic regression coefficients a scoring system was devised: In group A this score was 24,798 ±25,593, in group B 36,572 ±32,543 (p=0,028).
Discussion
The frequency, course and outcomes of secondary peritonitis are closely related to its initial cause. Gastroduodenal pathology was responsible for most of the cases of secondary peritonitis in our institution (98 patients (50,3%)). Meanwhile, in Western countries, it is most commonly caused by acute appendicitis and colic perforations [10] . The occurrence of gastroduodenal perforations have decreased significantly in Western countries due to the widespread adoption of medical therapies for peptic ulcer disease as well as the use of appropriate stress ulcer prophylaxis among critically ill patients [8] . On the other hand, over the past few years gastroduodenal perforation frequency has decreased in our institution as well.
The mortality of patients with secondary peritonitis is reported to be between 12 and 79% [1-5,14-17], while in our institution it is 17,9%. As well as the other studies, we have found that mortality is related with patient`s age [3, 11, 12] . We recognize that patients with appendicular causes of peritonitis have a lower mortality rate (only 3,7%) and improved outcomes compared to the patients with nonappendicular causes. Other studies confirm that as well [10, 12, 13] .
Only planned relaparotomies were analyzed in our study. However, there are 2 widely used relaparotomy strategies: relaparotomy when the patient's condition demands it (relaparotomy "on-demand") and planned relaparotomy [14, 19] . In the planned strategy, a relaparotomy is performed every 24 to 48 hours for inspection, drainage, and peritoneal lavage of the abdominal cavity until findings are negative for ongoing peritonitis. The aim in the "on-demand" strategy is to perform reoperation only in those patients who are likely to benefit from this surgery, such as those with clinical deterioration or persistent lack of improvement. Unfortunately, there is no consensus of indications for the relaparotomy "on-demand".
Both strategies have advantages and disadvantages and are still used side-by-side in clinical practice. The planned strategy may lead to an early detection of persistent peritonitis or a new infectious focus but harbours the risk of potentially unnecessary reexplorations in critically ill patients, while the on-demand strategy harbours the risk of a potentially harmful delay in the detection of ongoing infectious sources [18] . Therefore, clinical criteria, laboratory and computed tomography (CT) results must be monitored for patients with "relaparotomy on-demand" strategy. The debates on which relaparotomy`s strategy is superior are still pending. A comparison of outcomes of different surgical approaches used for treatment of peritonitis is difficult because various studies disagree. Despite lacking evidence from randomized trials, overall support for the on-demand strategy even among the patients with severe peritonitis is growing [5, 9, 20, 21] .
Some studies comparing the two strategies in patients with secondary peritonitis revealed a significant advantage for patients treated by the on demand strategy as measured by mortality and complication rate [2, 5, 21, 23] . Exceptions include patients with intestinal ischemia, advanced tertiary peritonitis, infected ascites, or those who need to have a reestablishment of intestinal continuity at a second operation [8] . On the other hand, some studies state, that there is no significant increase in mortality and that the long-term survival is not worse among the patients who undergo planned relaparotomy compared to those who have relaparotomy on demand. However, relaparotomy "on-demand" is associated with substantial reduction in relaparotomies and associated health care utilization and medical costs [5, 9, 21] . Consequently, there is no consensus on relaparotomy strategy and there is a need for more high quality studies in patients with secondary peritonitis. We analysed only planned relapatomies. Therefore, we should compare our results with the results after relaparotomies "on demand" and settle which strategy could be superior in our institution.
However, relaparotomy was unnecessary for up to 154 (79,0%) patients in our study (group A; patients with negative findings at relaparotomy). Therefore, it could be stated, that "on-demand" strategy would have been preferable to planned relaparotomy for these patients. We have also noticed that patients with negative findings at relaparotomy were younger, with lower MPI value, lower CRP level and mostly with primary gastroduodenal disease. These variables could be included as the extra criteria for the selection of the "on-demand" relaparotomy.
In the literature, MPI value and APACHE II systems are used in other scoring patterns to predict colon perforation (D. Fraccalvieri, V. Lohsiriwat et al.). A. Novotny et al. applies procalcitonin ratio to evaluate the need for relaparotomy in patients with secondary peritonitis [24] . Our original scoring system is helpful determining whether to perform a planned relaparotomy. Nevertheless, additional risk factors should be investigated to predict progress and outcomes of secondary peritonitis.
Conclusion
Between 2005 to 2009, 195 patients had undergone planned relaparotomy for secondary peritonitis in Vilnius University Hospital Santariskiu Klinikos. The most common cause of peritonitis was gastroduodenal pathology (50,3%).
79,0% of the planned relaparotomies for the patients with secondary peritonitis were unnecessary (negative findings at relaparotomy). These patients were younger, with lower MPI value, lower CRP level and mostly with primary gastroduodenal disease. These variables could be included as the extra criteria for the "on-demand" relaparotomy`s selection. Our scoring system was devised to assist in determining the necessity of the planned relaparotomy after secondary peritonitis. If the score is ≥37, the planned relaparotomy is necessary and should be performed. If the score is ≤24, other diagnostic and therapeutic tactics should be applied. This unique scoring system could significantly reduce the number of relaparotomies, the associated health care utilization and medical costs.
